General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



NASA TECHNICAL 
MEMORANDUM 

Report No. 53931 



COMPARISON OF EXPERIMENTAL AND THEORETICAL 
BRIGHTNESS TEMPERATURES OF THE LUNAR SURFACE 
FOR D IFFERENT ELEVATION ANGLES OF SUN AND 
OBSERVER 


By James K. Harrison 
Space Sciences Laboratory 

September 16, 1969 


NASA 


George C. Marshall Space Flight Center 
Marshall Space Flight Center ; Alabama 

a ** 0-37546 

• S (ACCESSION NUMBER) • (THRU) 


o ■ 
* «o 

(ACCESSION NUMBER) - 

(THRU) 

2 

oc 

n 

_L 

o ■ 

U. 

(PAGES) 

(CODE) 

MSFC • Form 3190 (September 1968) h 

7 

30 


^ (NASA CR OR TMX OR AD NUMBER) (CATEGORY) 



R-SSL-INT-67-1 1 October 6, 1967 

This Internal Note was changed to NASA TM X-53931 on September 16, 1969 


COMPARISON OF EXPERIMENTAL AND THEORETICAL 
PRIGHTNESS TEMPERATURES OF THE LUNAR SURFACE FOR 
DIFFERENT ELEVATION ANGLES OF SUN AND OBSERVER 

By 

James K, Harrison 


SPACE THERMOPHYSICS DIVISION 
SPACE SCIENCES LABORATORY 


s 

PKECEDING PAGfc BLANK. NOT FILMED. 



TABLE OF CONTENTS 


Section 

Page 

I. 

INTRODUCTION 

1 

II. 

MATHEMATICAL EXPRESSION 

1 

III. 

RESULTS 

2 


REFERENCES 

3 


LIST OF ILLUSTRATIONS 


Figure 

Title 


1 . 

Geometrical Diagram Showing Angles Involved in 
Discussion and Calcula .ions 

4 

2. 

Lunar Brightness Temperature as a Function of 
the Angle of Observation for Solar Incidence Angle 
of 0°, 0 e « 0° 

5 

3. 

Lunar Brightners Temperature as a Function of 
the Angle of Observation for Solar Incidence Angle 
of 30°, 4 C = 0° 

6 

4. 

Lunar Brightness Temperature as a Function of 
the Angle of Observation for Solar Incidence Angle 

- 


of 60°, </> = 0° 

€ 

7 

5. 

Lunar Brightness Temperature as a Function of 
the Angle of Observation for Solar Incidence Angle 
of 80°, </> € = 0° 

8 

6. 

Lunar Brightness Temperature as a Function of 
the Angle of Observation for Solar Incidence Angle 
of 30°, <f> e = 45° 

9 

7. 

Lunar Brightness Temperature as a Function of 
the Angle of Observation for Solar Incidence Angle 
of 60°, </> e = 45° 

10 

8. 

Lunar Brightness Temperature as a Function of 
the Angle of Observation for Solar Incidence Angle 
of 80°, (f> e = 45° 

1 ? 


iii 



LIST OF ILLUSTRATIONS (Concluded) 

Figure Title Page 

9. Lunar Brightness Temperature as a Function of 

the Angle of Observation for Solar Incidence Angle 

of 30°, <f, e = 90° 12 

10. Lunar Brightness Temperature as a Function of the 
Angle of Observation for Several Elevation Angles 

of the Sun 1 3 

11. Lunar Limb Brightness Temperature at Thermal 

Equator 14 

12. Sun Angles of 30° and 60° Measured from the Surface 

Normal 1 5 



I. INTRODUCTION 


A semi-empirical mathematical expression has been 
developed by Ashby [ l] for predicting the surface infrared radiation 
from a local area of the moon as a function of sun position and angle 
of observation. The brightness temperatures calculated by using this 
expression are compared with the experimental data given in 
References 2 and 3. 


II. MATHEMATICAL EXPRESSION 
The expression developed by Ashby [ 1 ] is: 

aj cos i + cos c/ 


B(i, € , Q ) = 


1 + a 


sin 


4 cos i 


+ — | ( 7T - I O' l ) cos \q\ ■+■ sin |aj] , 
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(The values of a, - a, were determined from the 

14 

experimental data in Reference 2. ) 

jr_ / i 2 f€ 2 - 2 i € cos (</>j - <t> € ) V 

2 \ -T- Z + 4 1 € — - 2 i € cos (<t>i - ) / 

4 7T z a c 

i, € , Q t = angles defined in Figure 1. 


From Equation (1), the infrared energy is defined as: 

I(i, € , a ) » B (i, £ , a) cob € , (2) 

and the brightness temperature as: 



where a = Stefan-Boltzmann constant 

(0. 826 X 10’ 10 cal/min - cm 2 - °K 4 ). 

in. RESULTS 

The results obtained from calculations using Equation (3) 
are compared with the experimental results (10 to 12jj band) of 
Saari and Shorthill in Figures 2-11. In Figures 2-5, 10, and 11, 
the temperatures are observed in a plane defined by the normal to the 
lunar surface and an observer vector at 0 (see Fig. 1). The sun 
vector is also in this plane, i. e. , ^ = 0. In Figures 6-8, the 
temperatures are observed in a plane defined by the normal to the 
lunar surface and an observer vector at $£= 45° . Figure 9 shows 
the temperatures as observed in a plane defined by the surface normal 
and an observer vector at = 90° . The parameter is the sun position 
measured from the surface normal in Figures 2-9, but from the 
surface in Figure 10. The experimental data in Figures 2-9 have 
not been corrected for albedo effects, as they have been for the 
experimental data in Figures 10 and 11. The experimental results 
in Figure 10 are actually a least square polynomial fit to the data. 


2 



Notice on Figures 5-8 that the experimental data are given for 
both a morning sun (just after sunrise) and an evening sun (jus* 
before sunset), while on Figures 2-4 and 9 the experimental data 
are for only a morning sun. 

Figure 1 1 presents the theoretical and experimental values 
of the limb brightness temperature at the thermal equator. The 
observer position is fixed while the sun position changes. 

All the temperature values shown in Figures 2-11 are 
observed (or calculated) in three separate planes. Calculated 
values for all planes are given in Figure 12, in which a three- 
dimensional plot of Equation (3) for two sun angles is shown. Notice 
that the directionality decreases as the sun approaches the straight- 
overhead position, where the directionality will disappear altogether 
in reference to the azimuthal plane and will approximate the Pettit 
and Nicholson measurements in the elevation plane. 

REFERENCES 

1. Ashby, Neil: Study of Radiative Aspect? of Lunar Materials. 

P. E. C. Research Associates, Inc. , Final Report on Contract 
NAS8-20385 covering period April 26, 1966 to January 26, 1967. 

2. Montgomery, C. G. ; Saari, J. M.; Shorthill, R. W. ; Six, Jr. , N. F. 
Directional Characteristics ol Lunar Thermal Emission. Brown 
Engineering Company, Inc., Tech. Note R-213, Nov. 1966 (also 
published as Boeing Document D1 -82-0568, November 1966). 

3. Saari, J. M. ; and Shorthill, R. W. : Review of Lunar Infrared 

Observations. Boeing Document D1 -82-0586, December 1966. 

4. Sinton, W. M. : Temperatures on the Lunar Surface. Chapter 11, 

Z. Kopal, Physics and Astronomy of the Moon . Academic Press, 

1962. 


3 
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FIGURE 1. GEOMETRICAL, DIAGRAM SHOWING ANGLES INVOLVED IN 
DISCUSSION AND CALCULATIONS 
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FIGURE 5. LUNAR BRIGHTNESS TEMPERATURE AS A FUNCTION OF THE 
ANGLE OF OBSERVATION FOR SOLAR INCIDENCE ANGLE OF 
80°, <f> € = 0° 
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FIGURE 6. LUNAR BRIGHTNESS TEMPERATURE AS A FUNCTION OF THE 
ANGLE OF OBSERVATION FOR SOLAR INCIDENCE ANGLE OF 

30 °, d> e = 45 ° 
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r IGURE 7 LUNAR BRIGHTNESS TEMPERATURE AS A FUNCTION OF THE 
a mt. i r OR ORSFRVATION FOR SOLAR INCIDENCE ANGLE OI 
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FIGURE 9. LUNAR BRIGHTNESS TEMPERATURE AS A FUNCTION OF THE 
ANGLE OF OBSERVATION FOR SOLAR INCIDENCE ANGLE OF 
30°, 6 = 90° 
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FIGURE 10. LUNAR BRIGHTNESS TEMPERATURE AS A FUNCTION OF THE 
ANGLE OF OBSERVATION FOR SEVERAL ELEVATION ANGLES 
OF THE SUN. (The elevation angles are measured from the lunar 
surface in the direction of sunrise and in the plane containing the 
sun vector and the normal to the lunar surface. ) 
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FIGURE 11. LUNAR LIMB BRIGHTNESS TEMPERATURE AT THERMAL 
EQUATOR. (The brightness temperatare is plotted as a 
function of the solar incidence angle for the fixed observation 
angle of 90°. ) 






FIGURE 12. SUN ANGLES OF 30° AND 60° MEASURED FROM THE SURFACE 
NORMAL. (The size of the model indicates the magnitude of the 
temperatures. ) 




